Dentinal hypersensitivity is a common painful condition of the teeth, associated with the exposure of the dentin to external environment of the mouth. However, little is known about the etiology and predisposing factors, which can compromise management. The aim of this paper is to summarize existing information about epidemiology, mechanisms, etiology, differential diagnosis and treatment.
INTRODUCTION

Definition
Dentinal hypersensitivity is defined as an exaggerated response to a stimulus that usually causes no response in a healthy tooth, 1, 2 and also, an exaggerated response to a nonharmful stimulus. The nonharmful stimuli are the thermal, tactile or osmotic stimuli that when applied on the exposed dentin, evoke pain without causing pathologic alterations to the dentin-pulpar complex. 3 
Epidemiology
About 8 to 30% of the adult population present dentinal hypersensitivity and the most affected age is among 20 and 30 years old. 4 The first premolars are the most affected teeth, reaching more than half of the cases and the most affected region is the cervical area of the buccal surface. 5 
Dentine Hypersensitivity Mechanisms
The intradentinal nerves are confined to the predentin and the most pulpal part of dentin. This supports the likelihood of an indirect stimulatory mechanism, evoking pain. [5] [6] [7] Several theories try to explain the dentinal hypersensitivity although none of them leads to a perfect understanding of how the stimuli applied in this surface can cause pain.
• Transduction theory: According to this theory, the odontoblast has a special sensory function and the functional complex with the nerve ending in or near the odontoblastic layer acts as an excitatory synapse. The odontoblast and its process have been perceived as a transducer mechanism. 6 • Modulation theory: According to this theory the nerve impulses in the pulp are modulated through the liberation of polypetides from the odontoblasts, when injured. These substances may selectively alter the permeability of the odontoblastic cell membrane through hyperpolarization, so that pulp neurons are more prone to discharge upon receipt of subsequent stimuli. 6 • Hydrodynamic theory: According to Brännström's hydrodynamic theory, 8 when an appropriate stimulus is applied to the outer dentin surface, there is a displacement of the contents of the dentinal tubules, that gives rise to a mechanical stimulation of the pain at the pulpodentinal border. This theory is the most widely accepted until now and consider that the stimulation of the nerve endings next to the odontoblastic layer is provoked by the variation of the intrapulpal pressure toward the pulp or in the opposite direction, depending on the stimulus nature. The nerve fibers stimulation occurs because of the deformation of these fibers, caused by the fluid movement, leading to a widening of the nerve membrane ionic canals, allowing the entrance of Na ++ in the cell, depolarizing the fibers and provoking pain.
3
Dentinal Tubules Morphology
The number of tubules per area next to the pulpal surface in comparison to the outer areas is of 4:1. So, the superficial dentin is less permeable than the deep dentin. 9 The dentinal tubules diameter decreases progressively toward the pulp to the enamel in the coronary dentin. 10 The diameter of the tubules in the deep dentin region is 3 to 4 mm and in peripheral dentin is 1 mm.
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Microscopically, it has been shown that hypersensitive dentinal areas present wider tubules and in increased number than nonsensitive areas. This provides evidence that stimulus transmission across dentin in hypersensitive teeth is mediated by hydrodynamic mechanism.
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When this theory is accepted as the explanation of the stimulus transmission across dentin, it must be assumed that dentinal tubules are open at the exposed dentin surface and patent through the pulp. This would help explain why some patients with exposed cervical dentin exhibit dentinal hypersensitivity and others do not. The open tubules are not presented over the whole surface of dentin and are irregularly distributed. This can be observed by probing the area where only the open tubules areas respond with pain. 12 Dentinal hypersensitivity is most likely to occur in younger people who experience rapid exposure of the root surface. 6 Old people, in spite of presenting root exposition most frequently, usually do not show painful sensitivity; this can be explained by the following factors:
• Mineral deposition inside the tubules (dentinal sclerosis)
• Reduction in the number of tubules • Pulp chamber reduction due to an increase of reparative dentin • A reduction in cellularity, vascularity and nerve fibers in the pulp. Pulp pressure is greater than the atmospheric pressure, this explains why the dentinal fluid is constantly flowing through the permeable exposed dentin, although in very low rates to activate the pulpal mechanoreceptors. Any event that increases the pressure gradient, increasing the fluid movement, may evoke pain. 13 The dentinal hypersensitivity triggering off may be a thermal origin, evaporative, tactile and osmotic: 14 • Thermal: The pain is caused by the temperature variation which causes fluid contraction, when cold, or expansion, when hot, leading consequently to its movement; • Evaporative: Through the application of a brief air blast on the tooth, leading to a evaporation of the dentinal canals fluid which are open; • Tactile: The simplest device for testing hypersensitivity is scrubbing a sharp probe along the cementum-enamel junction. This provokes the fluid movement probably due to a vibration mechanism; • Osmotic: The pain is provoked in the presence of sweet substances. Because they are hypotonic, they cause an osmotic pressure in dentin, which leads to a movement of the dentinal fluid toward the sweet substance.
Etiology
An understanding of the etiology of any disease or condition is essential for effective prevention and treatment. The current knowledge of the etiology of dentinal hypersensitivity is still limited and the factors that lead to a dentinal exposure are still uncertain. 15 Dentin in normal conditions is coated by enamel and cementum, not presenting sensitivity to external stimuli. Thus, the dentin starts presenting hypersensitivity only when exposed to the mouth environment, after the wear of the protection structures.
The enamel layer can be removed by attrition from occlusal wear and parafunctional habits, toothbrushing abrasion, erosion from acids, coronal fracture, abfractions or defective fillings. Gingival recession, periodontal disease, periodontal surgery and incorrect toothbrushing can expose root surfaces. Once exposed, the thin cementum layer (20-25 mm) is easily removed by periodontal root scaling, abrasive pastes, acidic foods and toothbrushing. Besides these factors, about 10% of individuals, the enamel and cementum do not meet exposing a dentin area. 16 Dentinal hypersensitivity may be closely related to the occlusal stress, where the occlusal forces would lead to an increase of the intrapulpal pressure, provoking an increase of the movement speed of dentinal fluid, unleashing the hypersensitivity. 3 Dentinal hypersensitivity has chronic features showing exacerbation periods. One must consider, thus, the psychological component of the chronic pain, because the psychic tension may reduce the tolerance threshold to external stimuli. 16 It is known that the pain mechanism is complex and that the neural activity initiated by a peripheral stimuli may be modified by physic and psychological factors. 17 There are no evidences concerning to the presence or not of pulpal changes associated with dentinal hypersensitivity. 6, 7 Some authors believe that there may be changes in the pulpodentin complex as a consequence of the exposed dentine and penetration of solutes and toxines from the outer surface, especially if there is a cavity or caries, or if plaque is on dentin. 10, 18 But, according to Addy and Pearce 15 (1994) , the phenomenon of bacterial-associated sensitivity has a defined pathology and therefore is not dentinal hypersensitivity.
Differential Diagnosis
It is important that the collection of a correct dentinal hypersensitivity diagnosis, differentiating it from other pathologies which present similar symptoms, allowing the establishment of an adequate treatment program. A careful diagnosis includes a history and a thorough clinical and radiographic examination. The etiological and predisponent factors investigation depend on a thoughtful anamnese and also on detailed clinical and radiographical inspections. It is necessary that the information intake about the tooth cleaning habits, including the frequency and duration, type of toothbrush, brushing technique, interval of toothbrush change and pressure applied during the toothbrushing.
It is also important to investigate about the habits that may lead to teeth or gums trauma. The contact with erosive agents must be questioned including those arising from living environments, working, medications, illness and, most commonly, diet. 19 In general, the related history from the patient agrees with the following aspects: Pain provoked by thermal stimuli (cold and/or hot food, air during the talking or even aspiration), chemicals (sweet and acid food), tactile (brushing and probing); localized pain with great definition of dental element; acute pain with short duration, which vanishes with stimulus removal; spontaneous remission periods, most of the times coincident with the patient anxiety state. 3 Although at times pulpal inflammation complicates the symptomatology tooth, hypersensitivity differs from pain arising in the pulp due to inflammation. When a stimulus is applied to a hypersensitive tooth, the patient can readily locate the source of pain and discomfort, while the pulpal pain may be lasting, intermittent and throbbing. The simplest method for the differentiation is the application of an air blast on the tooth, because the air stimulation usually reflects dentinal hypersensitivity rather than a problem of pulpal origin. 1 When performing the dentinal hypersensitivity diagnosis, other pathologies and dental defects must be considered including the cracked tooth syndrome, fractured restorations, chipped teeth, caries, postrestorative sensitivity and teeth in hyperfunction, by examining carefully the affected region in order to exclude the alternative causes of pain.
1
Dentinal Hypersensitivity Treatment
There are different kinds of dentinal hypersensitivity treatment available, nevertheless, the ideal desensitizer agent, according to Grossman 20 (1935) , should be nonirritating to the pulp, be relatively painless, be easily applied, act quickly, be permanently effective and not discolor tooth structure. There are two basic methods to obtain the results during dentine hypersensitivity evaluation procedure: To use either a constant level of stimulus intensity and have the patient on categorical or interval scale; or to increase gradually the stimulus intensity and record the patient's first response. 21 Although the second method is the most indicated one, it is usually subjective and depends on the patient response to the stimuli and within these, there are those which promote more pain causing the patient to be more apprehensive and tense waiting for the moment of pain. Due to this fact, for several times, the patients do not inform correctly the moment of the response to the applied stimulus, which can alter the evaluation results.
Desensitizing Agents Utilized in the Office
Calcium Hydroxide
The treatment consists of the application of a calcium hydroxide paste for 3 to 5 minutes through the burnishing with a wooden stick or rubber tip. The real calcium hydroxide action mechanism is unknown, but it is suggested that it may block dentinal tubules or promote peritubular dentin formation. It is believed that the high pH provokes the odontoblastic process protein coagulation, leading to a closure of the tubules through precipitation of these proteins, decreasing the hydraulic conductance.
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Iontophoresis
Iontophoresis is the process of introducing ionic drugs into body surfaces for therapeutic purposes, and is highly suited to therapy of conditions at or near the body surface. It requires that: A charged drug be delivered at the electrode of the same polarity, the condition or disease under treatment be at or near the surface and, a source of direct current with appropriate means of application, be used.
23,24
Fluoride Compounds
When in contact with the mineralized tooth structures, fluoride ions are claimed to cause a reduction in diameter of the dentinal tubules by precipitating CaF 2 crystals. 16 The speculated mode of action is the formation of a calcified barrier blocking the tubule openings. Since calcium fluoride is an unstable compound, it provides a short period of desensitizing effect. This indicates the necessity of several applications to reduce the pain. Among the most used fluoride compounds are the 5% sodium fluoride varnish (Duraphat, Colgate-Palmolive Company), 2% neutral sodium fluoride and 1.23% acidulated fluoride phosphate gel. 21 Fluoride compounds, such as amine fluoride, 25 stannous fluoride 26 and titanium tetrafluoride 27, 28 have also been employed in order to reduce dentinal sensitivity.
Fluoride Iontophoresis
Fluoride iontophoresis is applied to allow F -ions penetration more deeply in the dentinal tubules. The exact mechanism by which fluoride iontophoresis produces desensitization of dentine is not known. The desensitization could occur by two mechanisms: Intratubular microprecipitation of CaF 2 affecting dentin permeability and an effect of the fluoride on the neural transduction mechanism. 23, 29 It consists of a 2% sodium fluoride application with the help of an electrode. When NaF dissolves into solution, its ions become negatively charged. This is placed on the tooth with a cotton tipped rod which is the negative electrode. An electric current is then passed through the tooth to the
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other electrode which is held by the patient completing the circuit. Thus, the fluoride ions are pushed into the dentinal tubules.
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Strontium Chloride
The exact mechanism of strontium chloride is unclear. Strontium ions penetrate dentin deeply and replace calcium, resulting in recrystallization in the form of a strontium apatite complex. 16 
Oxalate Desensitizers
Oxalate ions react with calcium to form insoluble calcium oxalate crystals that occlude the dentinal tubules, decreasing dentin permeability. 16 Although oxalates appear to be one of the best topical treatment for blocking tubules, they have the same drawback as all topic treatments, as the eventual dissolution of the surface precipitate that forms the barrier by saliva. 23 Example of oxalate-based desensitizing agents is Super Seal (Phoenix Dental, Inc., Fenton, MI, USA) and Bisblock (Bisco, Schaumburg, IL, USA).
Potassium Nitrate
A potential desensitizing agent like potassium nitrate acts in two ways: Decreasing fluid flow through the tubules by occluding (clogging) them; decreasing the level of activity of the dental sensory nerves, thus preventing the pain signals to be transmitted to the central nervous system. Potassium ion of potassium nitrate diffuses through the dentinal tubule and reaches the pulp-sensory complex and forms a region of greatly increased concentration (with K + ions) which subsequently depolarizes the pulpal sensory complex and reduces pain transmission. 32 Examples of potassium nitrate based desensitizing agents are UltraEZ (Ultradent Products, Inc) and Desensibilize (FGM, Brazil).
Application of a Waterproof Film and Restorative Procedures
These desensitizing agents have a blocking action mechanism through the sealing of exposed dentinal tubules, decreasing dentin permeability and hydraulic conductance.
• Varnishes: Varnishes promote a waterproof film formation. The most common are the copal varnishes and varnishes with desensitizing agents like strontium chloride and sodium fluoride.
• Adhesive systems: The adhesive systems are indicated for dentine hypersensitivity treatment, since they have hydrophilic primers, allowing an efficient dentin bonding. The use of HEMA as a hydrophilic primer is common in many modern dentin bonding systems. The Gluma Desensitizer (Heraeus Kulzer, GMBH) is an aqueous solution of 35% HEMA and 5% glutaraldehyde.
Glutaraldehyde is an effective fixative of flocculating agent and have the capacity to form a coagulation 'plug' within the dentinal tubules. 33 Some products replace the glutaraldehyde with benzalkonium chloride and include a small concentration of fluoride in the formulation. Benzalkonium chloride is a desinfectant. The main benefit of the nonglutaraldehyde agents is that they are kinder to the tissue. Glutaraldehyde eventually causes a transient tissue burn and allergies and must be carefully used. 33 The new trend of treatment of the dentinal hypersensitivity is the use of the self-etching adhesive systems. According to Türkün 34 (2003) , treating the enamel and dentin with self-etching adhesive systems instead of employing a conventional total-etch procedure prevent the collapse of collagen network. Additionally, the self-etching primers need no etching, rinsing and drying, so that the risk of over-etching and over-drying of the dentin is eliminated. They are simple to apply in clinical situations, and reduce the technique sensitivity of the bonding procedure. The self-etch adhesive systems Futurabond M (Voco, GMBH), Adper SE Plus (3M ESPE, USA) and One-Up Bond F plus (Tokuyama, Japan) are examples of self-etching systems that use HEMA as a hydrophilic primer.
• Restorative procedures: These procedures commonly use composite resins and glass ionomer cements. They are usually applied when esthetic and functional reestablishment of deeper lesions are necessary, besides the dentinal hypersensitivity control.
Laser Light
• Nd:YAG laser: Previous scanning electron microscopic studies showed that Nd:YAG laser could cause melting of dentin and closure of exposed dentinal tubules without dentin surface cracking 35 resulting in a reduction of permeability and hydraulic conductance. 23 The sealing depth of Nd:YAG on human dentinal tubules is about 4 mm in the center and 3 m at the margin of the lased surfaces. 35 Hsu et al 36 (2006) evaluate the combined occluding effects of fluoride-containing dentin desensitizer and Nd:YAG laser irradiation on human dentinal tubules, and observed that the occluding agent was thus 'burned into' the dentinal tubules, reducing the hypersensitivity and increasing the duration of the desensitizing effect. Kumar and Mehta 37 (2005) observed that Nd:YAG laser, when used alone, is effective in the treatment of dentin hypersensitivity, and the combination of the Nd:YAG laser and 5% NaF varnish seems to show an impressive efficacy, when compared to either treatment alone.
• Er:YAG: According to Birang et al 38 (2007) , the use of Er:YAG laser, with the parameters 3 Hz and 100 mJ, was effetive to decrease the pain of dentinal hypersensitivity. However, there are a lot of ambiguous points in the mechanisms of Er:YAG as this laser is absorbed by water molecules in hydroxyapatites, can cause ablation of dentin surface and is opposite to the sealing of dentinal tubules. Schwarz et al 39 (2002) stated that an Er:YAG laser with parameters of the 80 mJ/pulse and 3 Hz was effective to desensitizing hypersensitive dentine.
• CO 2 : Zhang et al 40 (1998) observed that the CO 2 laser reduced cervical dentinal hypersensitivity by 50%, without any thermal damage to the pulp. However, scanning electron microscopy showed that the effect of laser energy on dentin varied from charring, cratering, pore and/or fissure formation, fracturing and cracking, up to melting, and that the dentinal tubules were not sealed. Slutzky-Goldberg et al 41 (2008) tested CO 2 laser energy as a possible alternative treatment for prevention of dentin hypersensitivity in restorative dentistry. They stated that the CO 2 laser energy appears to be a promising tool for use in the clinical setting.
• Low-level laser therapy: This relies on laser-induced changes to neural transmission networks within the dental pulp, rather than alterations to the exposed dentine surface, as in other treatment modalities. The most used in dentinal hypersensitivity treatments are the GaAlAs and HeNe lasers. 42 According to Tengrungsun and Sangkla 43 (2008) , GaAlAs laser treatment seems to be beneficial and can be an alternative treatment for dentin hypersensitivity.
Calcium Silicate Coating Derived from Portland Cement
A Portland cement-based is able to set in the presence of water and create a stable solid material. The small size (cumulative percentage of particle between 1.5-3 micron size may be approximately 70-80%) makes the particles able to enter into open dentinal tubules. Portland cements mixed with water form a plastic and soft paste that may be applied and spread on dentine surfaces. The hydration of the Portland cement produces calcium hydroxide allowing the formation of apatite crystallites in the presence of phosphatecontaining biological fluids. According to Gandolfi et al 44 (2008) , the calcium silicate crystals have ability to penetrate inside dentinal tubules and resist to saliva immersion and to acid challenge, suggesting that this material obliterates tubules, protecting dentinal surface and may be used for dentine hypersensitivity therapy.
Home-made Desensitizing Agents for Self-applied
Dentifrices
Long used to treat dentinal hypersensitivity, dentifrices are cost-effective, noninvasive, simple to use and can be applied at home. 16 Dentifrices with formulations containing potassium salts (e.g. chloride, nitrate, citrate, oxalate) and the others with fluoride are the most used home-made agents. 45 Formulations containing potassium salts perform a possible neural action mechanism by the diffusion of K + through the dentinal tubules, increasing the extracellular potassium ion concentration, depolarizing the nerve fibers membranes and blocking the stimuli passage. Sensodyne total care toothpaste (Block Drug Corp, USA) is a dentifrice example that associates 6% potassium nitrate with sodium fluoride. Colgate sensitive fresh stripe toothpaste (ColgatePalmolive Ltd. USA) is a dentifrice example that associates 5.53% potassium citrate with sodium monofluorophosphate. Sensodyne total care F and Sensodyne total care gel (Block Drug Corp, USA) are dentifrice examples that use potassium chloride. It is important to highlight that no treatment, which the action mechanism is occlusive, must be done previously in the dental office because this will block the K + diffusion through dentinal tubules. 46 Low-level fluoride dentifrices are not efficacious agents when used alone in the management of dentinal hypersensitivity. 47 Hughes et al 48 (2002) Arginine is an amino acid naturally found in saliva composition. Recent research suggests that the arginine and calcium carbonate present in the formula of a toothpaste provides significantly increased dentin hypersensitivity relief. [49] [50] [51] Arginine has the characteristic of presenting its molecule, at physiological pH, positively charged. The desensitizing mechanism of action is due its molecule connect to the dentin surface, negatively charged, occluding the dentinal tubules. Colgate Sensitive Pro-Relief (ColgatePalmolive Ltd, USA) is a toothpaste example that associates 8% arginine and calcium carbonate.
Mouthwashes
Mouthwashes are utilized by hospitals, dentists and in general by consumers. 54 Thus, also include sodium chloride, sodium bicarbonate and flavoring agent. Sodium chloride and sodium bicarbonate produce a solution that is isotonic and thereby nonirritating to the oral mucosa, act to maintain and restore the integrity of the tissues of the mouth and throat.
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The fluoride salt most utilized in the mouthwash formulations is sodium fluoride. Fluoride desensitizing mouthwash formulations include sodium fluoride at concentration of the 0.2% are effective as desensitizing agent. 55 The combination of the potassium nitrate at concentration of 3% and sodium fluoride at concentration of 0.2% have therapeutic potential to alleviate dentinal hypersensitivity.
55,56
Placebos
It is commonly observed a dentinal hypersensitivity reduction of about 20 to 60% with the use of placebos, mainly as dentifrices. It occurs because of a complex association of physiologic and psychological interactions which depend considerably on the professional/patient relationship, with both parties believing in the treatment and desiring to obtain the relief of symptoms. In addition, the positive emotional and motivational behavioral responses can activate the body's central pain inhibiting system, which can modulate the peripheral painful stimuli through the release of endorphin centrally.
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CONCLUSION
Dentinal hypersensitivity involves a complex association of etiological factors. The patients should be advised about the preventive aspects, such as dietary acids, brushing techniques and balanced occlusion. The treatment is difficult and varied. Self-applied treatments, such as desensitizing dentifrices, are still large used as home-made desensitizing agent. The adhesive systems are one of the most effective clinical treatments and the lasers are expected to play an important role in treating dentinal hypersensitivity.
